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MSSM : stop at 5~10 TeV for H(125)

Composite Higgs : v ~ f relation is violated

mh ⇠ mSUSY is violated

No motivated models are in good shape now.
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H > 0m2

H < 0

massless photons massless photons

W/Z mass ~ v W/Z mass ~ QCD ~ 100 MeV

fermion mass ~ v fermion mass ~ extremely light

neutrino mass ~ v or v^2 sphaleron process is active
at or below baryon mass
:baryons converted to leptonsdark baryon to dark atom

:double disc dark matter
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Abstract

We present a new mechanism to stabilize the electroweak hierarchy. We introduce N copies of
the Standard Model with varying values of the Higgs mass parameter. This generically yields a
sector whose weak scale is parametrically removed from the cuto↵ by a factor of 1/

p
N . Ensuring

that reheating deposits a majority of the total energy density into this lightest sector requires a
modification of the standard cosmological history, providing a powerful probe of the mechanism.
Current and near-future experiments will explore much of the natural parameter space. Furthermore,
supersymmetric completions which preserve grand unification predict superpartners with mass below
mW ⇥Mpl/MGUT ⇠ 10 TeV.

I. MECHANISM

This letter describes a new mechanism, dubbed
“Nnaturalness,” which solves the hierarchy problem.
It predicts no new particles at the LHC, but does
yield a variety of experimental signatures for the next
generation of CMB and large scale structure experi-
ments [1, 2]. Well-motivated supersymmetric incarna-
tions of this model predict superpartners beneath the
scale mW ⇥ Mpl/MGUT ⇠ 10 TeV, accessible to a future
100 TeV collider [3, 4].

The first step is to introduce N sectors which are mu-
tually non-interacting. The detailed particle content of
these sectors is unimportant, with the exception that
the Standard Model (SM) should not be atypical; many
sectors should contain scalars, chiral fermions, unbroken
gauge groups, etc. For simplicity, we imagine that they
are exact copies of the SM, with the same gauge and
Yukawa structure.

It is crucial that the Higgs mass parameters are allowed
to take values distributed between �⇤2

H and ⇤2
H , where

⇤H is the (common) scale that cuts o↵ the quadratic di-
vergences. Then for a wide range of distributions, the
generic expectation is that some sectors are accidentally
tuned at the 1/N level,

��m2
H

��
min

⇠ ⇤2
H/N . We iden-

tify the sector with the smallest non-zero Higgs vacuum
expectation value (vev), hHi = v, as “our” SM. This
picture is illustrated schematically in Fig. 1.

In order for small values of m2
H to be populated, the

distribution of the mass parameters must pass through
zero. For concreteness, we take a simple uniform distri-

⇣
m

2
H

⌘
us�4

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us�3

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us�2

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us�1

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us+1

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us+2

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us+3

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us+4

3
⇥

(Q
,
U

c ,
D

c ,
L
,
E

c )

SU(2)

U(1)

SU(3)

⇣
m

2
H

⌘
us+5

m2
H

{{ {
v = 0 v > vus

vus = 246 GeV

⇤2
H �⇤2

H

FIG. 1: A sketch of the Nnaturalness setup. The sectors have
been ordered so that they range from m2

H ⇠ ⇤2
H to �⇤2

H . The
sector with the smallest vacuum expectation value contains
our copy of the SM.

bution of mass squared parameters, indexed by an integer
label i such that

�
m2
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i
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where i = 0 = “us” is the lightest sector with a non-
zero vev:

�
m2

H

�
us

= �r ⇥ ⇤2
H/N ' �(88 GeV)2 is the

Higgs mass parameter inferred from observations. The
parameter r can be seen as a proxy for fine-tuning,1 since

1 There are a variety of other ways one might choose to imple-
ment a measure of fine-tuning in this model. For example, one
could assume the distribution of Higgs mass squared parameters
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Princeton, NJ 08540, USA

In this note, we consider the A�HH† coupling as a mechanism to reheat the universe. For simplicity, we will only
consider the closest positive and closest negative Higgs mass points. We will also discard any region of parameter
space which corresponds to 1/v2 scaling.

When scanning, we assume the very simple conditions that we are scanning the higgs mass squared by an amount
2m2

H . This is so that the first positive Higgs mass has a mass m2
H which is just negative us. The closest negative

Higgs mass has a mass 3m2
H . Note that when we have the Higgs obtain a vev, the mass of the physical Higgs is 2m2

H .
This tells us that the first positive mass Higgs will be lighter than our Higgs by 1/

p
2.

I. DECAYS

phiHHfigures/BRNew.pdf

FIG. 1: The three relevant decay diagrams when the Higgs mass is positive.
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There are three diagrams relevant for the decay of � when the Higgs mass is positive. The relative scaling and
importance of the diagrams are

• m� >
p

2mH ⇠ 177 GeV : �(� ! HH) ⇠ A2

m�
. This is because their physical Higgs boson is lighter than ours by

p
2. It is life threatening to live in this region because we populate the positive Higgs mass sectors in a manner

that does not favor small v.

• 177 GeV ⇠
p

2mH > m� > mH/
p

2 ⇠ 88 GeV : �(� ! Htt) ⇠ A2m3
�

m4
H

1
16⇡2 . This three body decay mode is has

promising 1/v4 scaling. As long as we do not populate the nearest positive sector too much, the rest of the
positive sectors will be highly suppressed.

• 88 GeV ⇠ mH/
p

2 > m� : �(� ! ��) ⇠ A2m3
�

m4
H

( 1
16⇡2 )2. This two body decay mode is suppressed as compared

to the others and will dominate when the other two decay modes are not operational.

There are other possibly dangerous decay modes, but I have not found any which are more dominant than the ones

shown. One example is �(� ! tttt) ⇠ A2m7
�

m8
H

( 1
16⇡2 )2. This four body decay mode is minuscule compared to the ��

decay mode and we never have to worry about it.

II. NEGATIVE HIGGS MASS
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to the others and will dominate when the other two decay modes are not operational.

There are other possibly dangerous decay modes, but I have not found any which are more dominant than the ones

shown. One example is �(� ! tttt) ⇠ A2m7
�

m8
H

( 1
16⇡2 )2. This four body decay mode is minuscule compared to the ��

decay mode and we never have to worry about it.

II. NEGATIVE HIGGS MASS

FIG. 1: The three relevant decay diagrams when the Higgs mass is positive.

There are three diagrams relevant for the decay of � when the Higgs mass is positive. The relative scaling and
importance of the diagrams are

• m� >
p

2mH ⇠ 177 GeV : �(� ! HH) ⇠ A2

m�
. This is because their physical Higgs boson is lighter than ours by

p
2. It is life threatening to live in this region because we populate the positive Higgs mass sectors in a manner

that does not favor small v.

• 177 GeV ⇠
p

2mH > m� > mH/
p

2 ⇠ 88 GeV : �(� ! Htt) ⇠ A2m3
�

m4
H

1
16⇡2 . This three body decay mode is has

promising 1/v4 scaling. As long as we do not populate the nearest positive sector too much, the rest of the
positive sectors will be highly suppressed.

• 88 GeV ⇠ mH/
p

2 > m� : �(� ! ��) ⇠ A2m3
�

m4
H

( 1
16⇡2 )2. This two body decay mode is suppressed as compared

to the others and will dominate when the other two decay modes are not operational.

There are other possibly dangerous decay modes, but I have not found any which are more dominant than the ones

shown. One example is �(� ! tttt) ⇠ A2m7
�

m8
H

( 1
16⇡2 )2. This four body decay mode is minuscule compared to the ��

decay mode and we never have to worry about it.
The first thing we note when studying the negative Higgs mass is that there is a bound on m� due to decaying

into the lightest positive Higgs mass sector in an unsuppressed manner. This bound is numerically 177 GeV so that
� is essentially lighter than the top quark. We will see that 4 body decay modes never dominate, so we can ignore
diagrams involving the top quark.

As before, there are three diagrams relevant for the decay of � when the Higgs mass is negative. This is because
we are forced to consider only masses smaller than 177 GeV. The relative scaling and importance of the diagrams are
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• 177 GeV ⇠
p

2mH > m� > 2mW ⇠ 160 GeV : �(� ! W+W�). In this region, the decays into the positive and
other negative Higgs mass regions are all three body decays. Thus we win by a loop factor and our universe is
the universe that is reheated.

• 160 GeV ⇠ 2mW > m� > mW ⇠ 80 GeV : �(� ! W/ZW ?/Z?) ⇠ A2m3
�

m4
W

1
16⇡2 . This is a three body decay mode

and has the promising 1/v4 scaling. In this region, the decay into the positive Higgs mass sector is also 1/v4.
The only concern is the nearest positive Higgs mass sector which has the same scaling. However, they are down
by numerical factors as we have many more possible decay channels.

• 80 GeV ⇠ mW > m� : �(� ! bb) ⇠ A2m�

m2
H

y2
b . This two body decay mode is suppressed by yb ⇠ 10�2 and has

the undesired scaling of 1/v2. Because of the bottom yukawa supression, there is the possibility that it does
not dominate over any of the three body decay modes. A complete calculation would need to be done to find
the exact transition, but it will happen at a mass larger than 80 GeV. Any of the four body decay modes is
suppressed by phase space factors of order y2

b . Because 4 body decay modes also involve additional propagator
suppressions, they will be subdominant to this.

So in summary, we find that we can roughly live in the window 80 � 177 GeV. We can also live around the quark
thresholds.

II. COSMOLOGY

We first do a quick and dirty estimate of Ne↵. We will be making worst case estimates so that the real situation
will be slightly better. We notice that in the large v limits, that the decay width into any given sector with negative
Higgs mass sector goes as 1/v2 ⇠ 1/(2i + 1) and the decay width into any positive Higgs mass sector goes as 1/v4.
Since the positive Higgs mass sector scales away faster, we ignore them. We normalize the branching ratio such that.

Br0 = ↵ Bri>0 = 1/(2i + 1) (1)

The branching ratio into our sector, Br0, is larger by a factor of ↵ ⇠ 1
16⇡2

1
y2

b
⇠ 100 since we go into a three body

decay while the higher order terms go into bottom quarks. Note that after about i ⇠ 400, that we will start decaying
into the lighter generations and thus hit even small yukawa couplings but we will neglect this e↵ect.

What is important for us is the relative reheat temperatures of the various sectors. We have

⇢i

⇢0
=

T 4
�,i

T 4
�

=
Bri

Br0
=

1

↵(2i + 1)
(2)

We make the simplifying assumption that all sectors see the same amount of entropy dump after reheated. This is
essentially the statement that all of the sectors get hit by the QCD entropy dump so that they all cool just as slowly.
The fact that some of the higher i sectors will not be highly reheated and thus cool faster than us will be neglected.

What we measure when we look at Ne↵ is ratio of Hubble2 to what you expect from one neutrino species.

�Ne↵ =
X

i

⇢i

⇢⌫
=

X

i

g?,i

g?⌫

T 4
�,i

T 4
⌫

⇡
104X

i=1

13

2 ⇤ 7/8

1

↵(2i + 1)
=

34

↵
⇡ 0.3 (3)
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FIG. 2: Feynman diagrams for the most important decays in
the �model. The left (right) column is for hHi 6= 0

�
hHi = 0

�
.

The top (bottom) row is for m� � |mH |
�
m� ⌧ |mH |

�
.

ical Higgs mass in sectors with hHi 6= 0, the reheaton
decay widths scale as �m2

H<0 ⇠ 1/m2
hi

and �m2
H>0 ⇠

1/m4
Hi

in sectors with and without electroweak symme-
try breaking, respectively. Thus the reheaton preferen-
tially decays into sectors with light Higgs bosons and non-
zero vevs. If, instead, the reheaton were heavy enough
to decay directly to on-shell Higgs or gauge bosons, the
branching fractions would be democratic into those sec-
tors, and the energy density in our sector would not come
to dominate the energy budget of the universe.

In the scalar case the decays are di↵erent, but the scal-
ing of the decay widths is exactly the same. This can be
seen once more by integrating out the Higgs and gauge
bosons in all the sectors:

LhHi6=0
� � C�

1 a yq
v

m2
h
� q qc ;

LhHi=0
� � C�

3 a g2

16 ⇡2
1

m2
H

� Wµ⌫Wµ⌫ ,
(5)

where again the C�
i are numerical coe�cients, and Wµ⌫

is the SU(2) field strength. As in the fermionic case, this
Lagrangian leads to decay widths that scale as �m2

H<0 ⇠
1/m2

hi
and �m2

H>0 ⇠ 1/m4
Hi

in sectors with and without
electroweak symmetry breaking, respectively, through
the diagrams shown in Fig. 2. We have not included
the one-loop decay � ! � � in Eq. (5) for sectors with
hHi 6= 0. This operator scales as 1/m2

h and is important
for sectors with N & 108; we find that this is never the
leading decay once the bounds on N discussed in Sec. III
are taken into account.

Before moving to a more detailed discussion of signals
and constraints it is worth pointing out two important
di↵erences between the � and ` models that will lead us to
modify the latter. Given the scaling of the widths we can
approximately neglect the contributions to cosmological
observables from the hHi = 0 sectors. In the simple case

that the vevs squared are equally spaced, v2
i ⇠ 2 i ⇥ v2

us,
as in Eq. (1) with r = 1, we find that the branching ratio
into the other sectors is

P
1/i ⇠ log N .

In the � model, this logarithmic sensitivity to N is not
realized. Since the reheaton decays into sectors with non-
zero vevs via mixing with the Higgs, the decays become
suppressed by smaller and smaller Yukawa couplings as
hi becomes heavy. After the charm threshold is crossed
m� < 2 mci we can neglect the contribution of the new
sectors to cosmological observables (with one exception
that we discuss in the next section). This behavior is
displayed in the left panel of Fig. 3, where we show the
fraction of energy density deposited in each sector.

The second important di↵erence is that in the ` model
the reheaton couples directly to neutrinos and, in the sec-
tors with electroweak symmetry breaking, it mixes with
them. This leads to two e↵ects. First, the physical re-
heaton mass grows with N , implying that the structure
of the ` model forces the reheaton to be heavy at large
N , and can be inconsistent depending on the value of �.
Additionally, this mixing can generate a freeze-in abun-
dance [7] of neutrinos in the other sectors from the pro-
cess ⌫us ⌫us ! ⌫us ⌫i via an o↵-shell Z0. Tension with
neutrino overclosure and overproduction of hot dark mat-
ter leads to an upper bound on the maximum number of
sectors. In practice, it is hard to go beyond N ' 103.

However, there is a simple extension of the ` model
that at once mitigates its UV, i.e., large N , sensitivity
and solves the problems arising from a direct coupling
to neutrinos. If the reheaton couples to each sector only
through a massive portal (whose mass grows with vi),
then the branching ratios will scale with a higher power
of the Higgs vev after integrating out the portal states.
As an example, consider introducing a 4th generation of
vector-like leptons (L4, L

c
4), (E4, E

c
4), and (N4, N

c
4 ) to

each sector. Then relying on softly broken U(1) sym-
metries, we can couple the reheaton to L4 only via the
Lagrangian

LL4 � Lmix + LY + LM , (6)

Lmix = �� Sc
X

i

�
L4 H

�
i
� µE

X

i

�
ec E4

�
i
,

LY = �
X

i

h
YE

�
H† L4 Ec

4

�
i
+ Y c

E

�
H Lc

4 E4

�
i

+ YN

�
H L4 N c

4

�
i
+ Y c

N

�
H† Lc

4 N4

�
i

i
,

LM = �
X

i

h
ME

�
Ec

4 E4

�
i
+ ML

�
Lc

4 L4

�
i

+ MN

�
N c

4 N4

�
i

i
� mS S Sc ,

where we have assumed universal masses and couplings
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Abstract

We present a new mechanism to stabilize the electroweak hierarchy. We introduce N copies of
the Standard Model with varying values of the Higgs mass parameter. This generically yields a
sector whose weak scale is parametrically removed from the cuto↵ by a factor of 1/

p
N . Ensuring

that reheating deposits a majority of the total energy density into this lightest sector requires a
modification of the standard cosmological history, providing a powerful probe of the mechanism.
Current and near-future experiments will explore much of the natural parameter space. Furthermore,
supersymmetric completions which preserve grand unification predict superpartners with mass below
mW ⇥Mpl/MGUT ⇠ 10 TeV.

I. MECHANISM

This letter describes a new mechanism, dubbed
“Nnaturalness,” which solves the hierarchy problem.
It predicts no new particles at the LHC, but does
yield a variety of experimental signatures for the next
generation of CMB and large scale structure experi-
ments [1, 2]. Well-motivated supersymmetric incarna-
tions of this model predict superpartners beneath the
scale mW ⇥ Mpl/MGUT ⇠ 10 TeV, accessible to a future
100 TeV collider [3, 4].

The first step is to introduce N sectors which are mu-
tually non-interacting. The detailed particle content of
these sectors is unimportant, with the exception that
the Standard Model (SM) should not be atypical; many
sectors should contain scalars, chiral fermions, unbroken
gauge groups, etc. For simplicity, we imagine that they
are exact copies of the SM, with the same gauge and
Yukawa structure.

It is crucial that the Higgs mass parameters are allowed
to take values distributed between �⇤2

H and ⇤2
H , where

⇤H is the (common) scale that cuts o↵ the quadratic di-
vergences. Then for a wide range of distributions, the
generic expectation is that some sectors are accidentally
tuned at the 1/N level,

��m2
H

��
min

⇠ ⇤2
H/N . We iden-

tify the sector with the smallest non-zero Higgs vacuum
expectation value (vev), hHi = v, as “our” SM. This
picture is illustrated schematically in Fig. 1.

In order for small values of m2
H to be populated, the

distribution of the mass parameters must pass through
zero. For concreteness, we take a simple uniform distri-
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FIG. 1: A sketch of the Nnaturalness setup. The sectors have
been ordered so that they range from m2

H ⇠ ⇤2
H to �⇤2

H . The
sector with the smallest vacuum expectation value contains
our copy of the SM.

bution of mass squared parameters, indexed by an integer
label i such that

�
m2

H

�
i
= �⇤2

H

N

�
2 i + r

�
, �N

2
 i  N

2
, (1)

where i = 0 = “us” is the lightest sector with a non-
zero vev:

�
m2

H

�
us

= �r ⇥ ⇤2
H/N ' �(88 GeV)2 is the

Higgs mass parameter inferred from observations. The
parameter r can be seen as a proxy for fine-tuning,1 since

1 There are a variety of other ways one might choose to imple-
ment a measure of fine-tuning in this model. For example, one
could assume the distribution of Higgs mass squared parameters



SUSY as a solution to the hierarchy problem

:

Weak scale vs SUSY scale:

Natural SUSY scenario:  

Higgsino, stops, and gluinos are the closest friends of the Higgs boson, 

so the their masses should be near the weak scale to avoid fine-tuning.

Light Higgsino near the weak scale is still on open possibility, however

Fine-tuning measure for naturalness:

Natural SUSY appears to be in trouble, however we should keep 
in mind that there is no clear-cut criterion for naturalness.

Ellis, Enquist, Nanopoulos, Zwirner
Barbieri, Giudice



We may see the problem in different perspective:

What would be the pattern (or correlation) of SUSY-breaking 
masses at MGUT, for which the weak scale is least sensitive to 
the SUSY scale?

This approach is something similar to the old Veltman condition on 
the SM,  and relies on the assumption that underlying SUSY breaking 
dynamics provides such correlation among the SUSY-breaking masses.

cf: In string-motivated SUSY-breaking models, quite often the ratios
among SUSY-breaking masses are determined by discrete parameters
such as moduli weights, quantized fluxes, and group theory coefficients.    

Naturalness might be saved with a specific pattern of SUSY mases,
leading to a cancellation among the contributions to the weak scale:

Î light Higgsinos, heavy stops and gluinos near the current 

experimental bound, and possibly some other testable predictions 

Some examples:

* Scalar & gaugino focus points:

* TeV scale mirage mediation (= mixed string-moduli & anomaly mediation)

Feng, Matchev, Moroi
Abe, Kobayashi, Omura
Horton, Ross

KC, Jeong, Kobayashi, Okumura
Kitano, Nomura



Reasonably natural SUSY                     is possible with

* Higgsino near the weak scale, 

* stops and gluinos near the present experimental bound, 
with                 at TeV scales  

Ross, Schmidt-Hoberg, Staub ‘17

Naturalness might be saved with the complexity of SUSY models
which involve many parameters contributing to the weak scale with
different strength and different sign:

Assume all SUSY mass parameters have random distribution around a similar
central value    , within the range of         , and with a spacing of            :      

Dermisek ‘16

Dermisek ‘16


